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|. INTRODUCTION A. Election Phase

During an election phase, clusters are created using a
Our hierarchical cluster-based routing (HCR) technique ihreshold function as given in (1).

an extension of the LEACH [1] protocol that is a self-

i i iori T(n) = L ¥n e (1)
organized cluster-based approach for continuous mongori n)= ) g1 n
In LEACH, the network is randomly divided into several _p(r mo 5)

clusters, where each cluster is managed by a cluster hggackre p is the difference of the desired percentage of the
(CH). The sensor nodes transmit data to their cluster heaggster headsp., and percentage of retained clustets,
which transmit the aggregated data to the base station. R, HGnitially p, is 0, as there are no clusters in the network,
each cluster is managed by a set of associates and the eneihe current round, and is the set of nodes that have not
efficient clusters are retained for a longer period of tinfe t yet pecome head-set members for the I3t rounds.
energy-efficient clusters are identified using heurisbased = Fjrst, each node generates a random number, which is
approach. Moreover, in a variation of HCR, the base statiganyeeno and 1. If the random number is less thah(n),
determines the cluster formation. A Genetic Algorithm (GA)e node becomes a head-set member and acts as a CH
is used to generate energy-efficient hierarchical clust®i®  for this election phase. Second, each selected CH broadcast
base station broadcasts the GA-based clusters configuratp short-range advertisement. The sensor nodes may receive
which is received by the sensor nodes and the network is covertisements from one or more CHs. Third, each sensor
figured accordingly. For continuous monitoring applicaip node chooses its CH on the basis of the signal strengths of
the simulation results show that HCR is more energy efficieffe received advertisements. Fourth, the sensor nodesiian
than the traditional cluster-based routing techniques. short-range acknowledgments to inform their CHs about thei
decision. At this stage, the clusters for the current round
are determined and each head-set has one associate member
Il. HCR PROTOCOL Fifth, the CHs that have relatively large cluster sizes dede
pre-defined number of additional head-set members for their

The main objective of the HCR protocol is to generat(élusters; the additional head-set members are chosen based

energy-efficient clusters for randomly deployed sensorespd " the signal strength of the acknowledgment messages. The

where each cluster is managed by a set of associates call@(?l%Cted head-sgt_members cannot become ht_—:‘ad-s_et T“embe“
head-set. Using round-robin technique, each associatdm'renym! all the remaining _node_s have become CHstration is

acts as a cluster head. CH receives messages from the cILg?é'Ped as a duration in which all the nodes have become CHs.
members and transmits the aggregated messages to a di§8ﬂ , each CH creates a TD.M.A schedule for the head-set
base station (BS). As all the transmissions are single-h ?mbers, as well as the remaining cluster members. Seventh,
cluster members transmit short-range broadcast messades Hs broadcast their TDMA schedules to their members.

CHs transmit long-range broadcast messages. The head-s the end of election phase, each head-set member checks

approach can be a good solution for clusters where the Ht has sufficient energy for next rm_md. If the energy of any
dies during a round. ead-set member falls below the given threshold value, it is

. . . ...removed from the head-set; the remaining head-set members
Since the role of a CH is energy consuming, after a specifie

number of transmissions, a new set of clusters are formed.ul date their schedules accordingly.

other words, the clusters are maintained for a short duratio o

called around. A round consists of aslection phase and a B- Data Transmission Phase

datatransfer phase. In an election phase, the sensor nodes selfburing data transmission phase, the member nodes transmit
organize into a new set of clusters, where each cluster icentadata to their CHs and the CHs transmit aggregated data to
a head-set. In data transfer phase, the head-set memiigesbase station. First, member nodes transmit data aocprdi
transmit a specified number of long-range transmissions tmtheir TDMA schedule. Second, CH receives the messages
BS. from the member nodes. As head-set members become CH



on round-robin basis, only CH receives the messages and pla@ameters, which is formally defined in (2), as shown below:
remaining head-set members turn off their radios. Third, CH _ e }

transmits the aggregated data to the base station. Fourth, C d B ¢_(fl)’_ _vfl €{¢.D.E,SD,T} 2)
checks the remaining energy. If the energy level is less thEguation 2 is simplified as follows:

the given threshold value_, CH wi!l remove its:elf frqm the F— Za(wi,fi), Vf, € {C,D,E,SD,T} 3)
head-set. Fifth, the outgoing CH informs the incoming CH ;

about its decision to remain the head-set member or become %he initial weights for fitness parameters are assigned

cluster member. If the outgoing CH withdraws from the hea%r{(bitrarily; however, after every generation the best fitoeh

set, the remaining head-set members update their sched Osome is evaluated and the weights for fitness parameters

accordingly. are also updated.
At the end of round, all the clusters are not destroyed,;
however, each cluster is retained for the number of rounds I1l. RESULTS

equal to the head-set size. In other words, the nodes obelust \ye simulated LEACH and the variations of HCR protocols.
with the head-set size of become candidates in the nexirhe simulation results show that HCR is more energy efficient
round but the nodes of the clusters with the head-set Sigfn LEACH. Figure 1 shows graphs of percentage of alive
greater thanl do not participate in the next election. Thigygdes with respect to the number of transmissions, forreiffe
approach reduces the number of elections and the burdemgfwork topologies such as grid, cluster grid, and randam. F
long-range transmissions is more efficiently distributatag this experiment, the number of nodes wa®), the initial

the nodes. Moreover, for the next election, the percentagq e of percentage headers wigé, head-set size wag and

of headers is decreased according to the number of retaifgd radio communication model as given in [1] was used. The
clusters. T_he retaining of clusters has shown a signific ph of LEACH is the least energy efficient as compared to
amount of improvement as compared to the LEACH protocghe other graphs. Part a) shows the confidence in GA approach
For performance evaluation, HCR-1 represents & protogghere multiple simulations produced identical resultsutgh
that contains a head-set but energy-efficient clusters ate Bnly 5 are shown. HCR-1 shows a minor improvement over
retained. Whereas HCR-2 represents a protocol that centaitaAcH put the improvement is enhanced in HCR-2, where

the head-set members and energy efficient clusters are alggrgy-efficient clusters are retained. GA's performasdbé

retained. best, as it is adaptive to the network conditions. Moreover,
GA's performance is more prominent for random topologies.

C. Genetic Algorithm (GA) for Hierarchical Clusters

In this variation of HCR, the base station determines tt o
clusters configuration, which is broadcasted to the sens
nodes. The GA is used to create energy-efficient cluste
for a given number of transmissions. The nodes are re s
resented as bits of a chromosome. The head and mems
nodes are represented Bsand0s respectively. A population E
consists of several chromosomes and the best chromoscs o e e e 000
is used to generate the next population. The fitness of t§ . uumesmions b) Grid Layout
chromosome is based on the estimated energy consumpt § o,
which is determined by several fitness parameters such
node density, transfer distance, variance in node desisit
and transfer distances, and current energy levels. Based %
the survival fitness, the population transforms into theirfeit
generation. Initially, each fithess parameter is assigned
arbitrary weight. However, after every generation the fiest 0
chromosome is evaluated and the weights for each fitne
parameter are updated accordingly.

a) Fitness: The fitness of a chromosome is designed to
minimize the energy consumption and to extend the networlg. 1. Percentage of alive nodes with respect to the trasssanis.
life time. A few fithess parameters are as follows:a) the o ) ]
sum of all distances from sensor nodes to the sink(b) In our futurg work, we will mcorporate other mtelhgent
the cluster distance, the sum of the distances from the nodR&NiNg techniques for hierarchical clusters. Moreomeli-
to the cluster head and the distances from the CHs to th@P routing will be investigated.
sink, c)_ SD - standard deviation w_ithin cluster distances, d) REFERENCES
E - estimated transfer energy that is consumed to transfer the _ _

. [1] W. R. Heinzelman, A. Chandrakasan, and H. Balakrishndmergy-
aggregated messages from the cluster to the sink, aﬂd'e) efficient communication protocol for wireless microsensetworks. In
the number of transmissions assigned by the base stati@n. Th Proceedings of the Hawaii International Conference on System Sciences,
chromosome fitness?, is a function of all the above fitness  January 2000.
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